1. Insects tend to feed on related hosts. The phylogenetic composition of host plant communities thus plays a prominent role in determining insect specialization, food web structure, and diversity. Previous studies showed a high preference of insect herbivores for congeneric and confamilial hosts suggesting that some levels of host plant relationships may play more prominent role that others. 2. We aim to quantify the effects of host phylogeny on the structure of quantitative plantherbivore food webs. Further, we identify specific patterns in three insect guilds with different life histories and discuss the role of host plant phylogeny in maintaining their diversity. 3. We studied herbivore assemblages in three temperate forests in Japan and the Czech Republic. Sampling from a canopy crane, a cherry picker and felled trees allowed a complete census of plant-herbivore interactions within three 0Á1 ha plots for leaf chewing larvae, miners, and gallers. We analyzed the effects of host phylogeny by comparing the observed food webs with randomized models of host selection. 4. Larval leaf chewers exhibited high generality at all three sites, whereas gallers and miners were almost exclusively monophagous. Leaf chewer generality dropped rapidly when older host lineages (5-80 myr) were collated into a single lineage but only decreased slightly when the most closely related congeneric hosts were collated. This shows that leaf chewer generality has been maintained by feeding on confamilial hosts while only a few herbivores were shared between more distant plant lineages and, surprisingly, between some congeneric hosts. In contrast, miner and galler generality was maintained mainly by the terminal nodes of the host phylogeny and dropped immediately after collating congeneric hosts into single lineages. 5. We show that not all levels of host plant phylogeny are equal in their effect on structuring plant-herbivore food webs. In the case of generalist guilds, it is the phylogeny of deeper plant lineages that drives the food web structure whereas the terminal relationships play minor roles. In contrast, the specialization and abundance of monophagous guilds are affected mainly by the terminal parts of the plant phylogeny and do not generally reflect deeper host phylogeny.
Introduction
Arthropods, recently estimated at around 6Á1 million species, are one of the most speciose of all taxa (Hamilton et al. 2013) . Arthropods, and insects in particular, owe their enormous diversity extensively to their interactions with plants and a long-lasting history of plant-insect coevolution (Futuyma & Agrawal 2009 ). Major speciation events in plant evolution, such as the radiation of angiosperms, have undoubtedly underpinned speciation in insects (Winkler & Mitter 2008) and, furthermore, insect taxa feeding on plants are generally more species-rich than their counterparts exploiting different food sources (Mitter, Farrell & Wiegmann 1988) . Thus, host plant diversity appears to be one of the main factors driving the global diversity of insects (Novotny et al. 2006) .
The high diversity of herbivores is driven not only by the diversity of plants, but also by high levels of specialization exhibited by most insect herbivore species (Dyer et al. 2007; Forister et al. 2015) . For example, the majority of caterpillars randomly sampled from secondary rainforest vegetation in New Guinea fed on up to three host plant species and had 90% of their population concentrated on a single host (Novotny et al. 2004) . In general, some level of specialization can be detected even among polyphagous herbivores as host shifts are more common among closely related plant lineages and clades, such as congeneric and confamilial species (Janz & Nylin 1998; Novotny et al. 2002; Winkler & Mitter 2008) . This results in a majority of insects feeding on related host plants and being phylogenetically conservative in their choice of food (Futuyma & Agrawal 2009 ). Host plant phylogeny, therefore, is often a reliable predictor of an insect's food choice, its specialization, and of the wider community structure (Winkler & Mitter 2008; Volf et al. 2015a) .
Insects also respond to a plethora of plant traits, some of them with low phylogenetic signal (Futuyma & Agrawal 2009; Volf et al. 2015a) . In several cases, it was shown that insect host shifts among host plants were better explained by similarities in plant defences and palatability rather than phylogeny, particularly in cases where these traits did not correlate with the plant phylogeny (Becerra 1997; Wahlberg 2001) . The relative importance of host plant phylogeny and defensive traits is highly dependent on the phylogenetic scale and identity of traits one considers. For example, secondary metabolites often exhibit a small phylogenetic signal among congeneric plant species but the major differences in secondary metabolite presence or absence may be generally conserved when comparing hosts at family levels (Ehrlich & Raven 1964; Janz & Nylin 1998; Becerra 2007; Kursar et al. 2009; Volf et al. 2015b) . Patterns of insect specialization in natural communities composed of multiple plant taxa, therefore, usually arise from the interplay between host phylogeny and functional traits (Volf et al. 2015a) . Several studies used plant taxonomy to identify which levels of host plant relationships affected insect food webs, and showed that it is usually the identity of plant genus and family that matters most for individual insect species (e.g. Novotny et al. 2002 Novotny et al. , 2004 Ødegaard, Diserud & Østbye 2005) . However, studies that quantify the effects of host relationships across various levels of host plant phylogeny, using large-scale quantitative food web analysis are scarce.
The extent of specialization and phylogenetic conservatism in food choice differs among herbivore guilds, ranging from polyphagous root-chewing larvae feeding on multiple plant families through leaf-chewing larvae feeding on several congeneric or confamilial hosts to miners and gallers, typically specialized on a single host plant species (Novotny et al. 2010; Butterill & Novotny 2015; Forister et al. 2015) . This variety in host ranges suggests that the species richness of individual herbivorous guilds may be driven by plant speciation events at different points in evolutionary time. Deeper plant phylogeny is likely to play an important role in driving the diversity of more polyphagous guilds because closely related hosts are likely to share insects whereas communities harboured by distantly related hosts may differ (Futuyma & Agrawal 2009 ). In contrast, highly specialized guilds are likely to respond primarily to much shallower host phylogeny.
The majority of relevant studies in the literature sampled herbivore communities from a taxonomically stratified selection of local plant species, each sampled with equal effort, rather than from all plants in contiguous vegetation plots. While this protocol is suitable for the analysis of feeding preferences and host shifts among plant species, it does not take into account differences in plant abundance in real vegetation, thus providing a biased assessment of herbivore species richness and host specificity (Novotny et al. 2004) . Furthermore, selective sampling does not readily facilitate quantitative analysis of food web structure (Godfray, Lewis & Memmott 1999) . Here we utilize a plot-based approach in order to analyze plant-herbivore food web structure in three 0Á1 ha plots in the Czech Republic and Japan, representing lowland forests of varying host plant diversity. We focus on three herbivore guilds -larval leaf chewers, leaf miners, and gallers -that are characterized by different levels of specialization. We examine the role of host plant phylogeny in structuring plant-herbivore food webs in a quantitative manner. In particular, we quantify what level of host plant relationships governs insect specialization and food web structure among individual guilds and vegetation types by using time-calibrated host plant phylogeny, which provides more continuous and meaningful scale than host taxonomy. Finally, we compare the characteristics of empirical food webs to randomized webs in order to reveal the relationships between insect specialization and host plant phylogeny.
Materials and methods

herbivore sampling
We focused on three herbivorous guilds with different levels of specialization -leaf-chewing insect larvae, leaf mining insects, and galling arthropods (including mites). All herbivores were, as far as possible, completely sampled from plants with DBH >5 cm at one 0Á1 ha plot in Japan (Tomakomai) and two 0Á1 ha plots in the Czech Republic (Lanzhot and Mikulcice) situated in deciduous lowland forests (Table 1 ). The Tomakomai plot had markedly higher plant diversity, both at species and familial levels, than the two Czech plots. While the three plots had comparable leaf area, the number of trees was higher in Tomakomai than the two remaining plots (Table 1 ). The differences in plant diversity were apparent even when the tree communities from Tomakomai and Mikulcice were rarefied to the same number of stems as in Lanzhot. Rarefaction resulted in 14 AE 1Á6 species, 9 AE 0Á9 families in Tomakomai and 7 AE 0Á5 species, 6 AE 0Á4 families in Mikulcice vs. 8 species and 6 families in Lanzhot (the purpose of this rarefaction was to illustrate differences in plant diversity independent of stem density -all other analyses were carried out on the complete datasets). All plots were dominated by Acer (Sapindaceae), Carpinus (Betulaceae), Fraxinus (Oleaceae), Quercus (Fagaceae), and Tilia (Malvaceae). In the Tomakomai plot, Magnoliaceae and Cercidiphyllaceae were also prominent (Table S1 , Supporting Information).
Forest canopies were accessed by a canopy crane in Tomakomai. In Lanzhot, canopies were accessed from an elevated truckmounted work platform (cherry picker) with 4WD and a 40 m arm with several joints allowing efficient access to the tops of all trees within the plot. In Mikulcice, herbivores were sampled from the canopies of trees immediately after felling by a team of six. Herbivores were sampled by beating onto a beating tray, followed by a visual search and hand collection. In Tomakomai and Lanzhot, branches were sampled individually by a two-man crew, starting from the tip and working towards the base, in order to minimize herbivore loss during sampling. This procedure did not prevent highly mobile herbivores, such as adult Coleoptera or Heteroptera, from escaping, but allowed sampling of larval leaf chewers, gallers, and miners. These methods enabled c. 80% of canopy foliage to be sampled in all plots. Sampling was carried out in 2013 and 2014. Insects were sampled during the peak of herbivore abundance in Tomakomai and Mikulcice (mid-Maymid-June and late May-mid-July, respectively). The Lanzhot plot was sampled from mid-May to August. Some species of galling mites were extremely abundant on certain trees, making the sampling of individual galls impossible. In such cases, we selected three to five branches with 100-500 leaves each, calculated the mean number of galls per leaf for each branch and used these values to estimate total galler abundance on the respective tree.
All herbivores sampled were morphotyped and reared to adults in plastic containers or zip-lock bags for further identification by specialists, either by our team or by collaborating taxonomists (see the Acknowledgements for details). Larval leaf chewers were identified morphologically, and larva-adult associations confirmed by successful rearings. Adult identifications were based on the available literature (see Table S2 for details), and sometimes confirmed by dissection of the genitalia when available and appropriate. Both active and abandoned mines were sorted to morphospecies whose specific status was eventually confirmed by reared material if available. The classification of Japanese mines was aided by monographic works on individual miner taxa (mainly Gracillariidae, Nepticulidae, and Diptera). The identification of Czech mines was based on the available literature and online databases. Importantly, distributional data and host plant records of leaf-mining moths in the well-known Czech fauna were taken into account (Table S2 ). Japanese and Czech galls were identified based on their morphology and host records using available literature and online databases (Table S2 ). Reared adults, as well as immature stages from ad-hoc dissections, were identified by specialists. Herbivores that were difficult to identify morphologically were preserved for DNA barcoding (472 individuals in total). DNA barcoding was performed at the Biodiversity Institute of Ontario, University of Guelph, Canada. All specimen records are accessible as project DS-LANZMIK in BOLD (see data accessibility section for details). Voucher specimens are deposited at the University of Chiba and the University of Ostrava.
In Mikulcice, the total leaf area of sampled trees was estimated by defoliating the canopies of individual trees and weighting the total foliage biomass. Then a randomly selected subsample of leaves from each tree was weighed and arranged in a 50 9 50 cm white frame, photographed, and the leaf area calculated in ImageJ 1.48. The total leaf area was calculated by extrapolating the data from the 50 9 50 cm frames using the weight of the total foliage biomass. The trees in Tomakomai and Lanzhot could not be defoliated so the number of leaves per individual tree was estimated visually. The estimates were carried out independently by two persons and the mean value was used. Estimates were conducted separately for every branch on every tree and were then compiled together to make an estimate for the entire tree. A subsample of leaves from each tree was photographed in a 50 9 50 cm frame, their area calculated in ImageJ 1.48, and the results used to convert leaf numbers to leaf area for each tree.
host plant phylogeny reconstruction
Host plant phylogeny was reconstructed using four loci: ITS, matK, rbcL, and trnL-trnF. Sequences were downloaded from Table 1 . Study site characteristics: latitude, longitude, altitude, mean annual temperature and rainfall, the number of plant individuals (N i ), species (N s ) and families (N f ) with DBH ≥5 cm, total sampled leaf area, and the number of individuals (N i ) and species (N s ) of leaf-chewing larvae, miners and gallers. Number of singleton plus doubleton species, excluded from food web analyses, are in brackets GenBank where available (Table S3) . If not available, air-dried leaf discs were used to obtain host plant DNA. We used standard procedures, reaction conditions and primer sequences for DNA extraction and PCR amplification, which were the same as those used in the original studies employing these markers (Taberlet et al. 1991; Fay, Swensen & Chase 1997; Cronn et al. 2002) . Sequences were assembled and edited using Geneious 5.4 (Drummond et al. 2011). Host plant phylogeny was reconstructed using Bayesian inference as implemented in BEAST v2.1.3 (Drummond et al. 2012) . The following substitution models were selected based on BIC computed in JModelTest 2 (Darriba et al. 2012) and were used for individual loci: ITS: GTR+I+G, matK: GTR+G, rbcL: TPM3+I+G, trnL-trnF: TVM+G. The topology was constrained using Phylomatic 3 (Webb & Donoghue 2005) . A log-normal relaxed molecular clock, following Bell, Soltis & Soltis (2010) , with dating based on Wikstr€ om, Savolainen & Chase (2001) was used for time-calibrating the phylogeny. Sampling was carried out every 10 3 generations for 10 7 generations, the first 10% of all generations were discarded as 'burnin' and the results were summarized with a 50% majority-rule consensus tree. The reconstructed host plant phylogeny ( Fig. S1 ) was used in following analyses examining effects of host plant phylogeny on plant-herbivore food web structure.
statistical analysis
Quantitative plant-herbivore food webs were constructed using the bipartite package (Dormann, Gruber & Fr€ und 2008) in R 3.0.2 (R Development Core Team 2014). Singletons and doubletons were excluded from all food web analyses, but retained in the bipartite graphs ( Fig. 1 ). We focused mainly on two quantitative measures of specialization -generality and network specialization (H 2 0 ).
Generality is the weighted mean of host species per herbivore species (as opposed to vulnerability, which is the weighted mean of herbivore species per host species) (Tylianakis, Tscharntke & Lewis 2007) . H 2 0 is derived from Shannon entropy and characterizes the specialization of both trophic levels, i.e. the network as a whole (Bl€ uthgen, Menzel & Bl€ uthgen 2006) . Firstly, we constructed food webs for individual herbivore guilds and their host plant species at each sampling site and calculated the network metrics. Secondly, we explored the effects of plant phylogeny on food web structure. We grouped insect data into host lineages based on their age of divergence and constructed the associated food webs. We started with a species-level time-calibrated host plant phylogeny, then successively collated plant lineages younger than 5, 20, 50, 80, 100, and 150 million years, respectively, and calculated generality for the herbivore assemblages present on each lineage (see Table S4 for more details on the collated lineages). These results were compared with those obtained when the same number of plant species were collated at random, to account for the effects of food web size on the selected web metrics. We ran 100 randomizations per iteration.
Thirdly, we constructed food webs associated with all possible clades within the studied plant communities. These clades included all monophyletic host lineages within studied communities ranging from pairs of sister species, through confamilial hosts, to the entire community. We compared network specialization (H 2 0 ) in these food webs with those based on randomly selected subsets of host plant species of the same size, ranging from two plant species to the entire plant community to establish whether some clade specialization could be detected. We ran 100 randomizations for each subset in the randomly generated networks. 
(g) (h) (i) Fig. 1 . Food webs showing trophic associations of larval leaf chewers, miners, and gallers in Tomakomai, Lanzhot, and Mikulcice. The width of species blocks reflects their relative abundance in the community, based on leaf area for plant species and the number of individuals per herbivore species (see Table S1 for used abbreviations of host plant species names). [Colour figure can be viewed at wileyonlinelibrary.com]
The aforementioned procedures yielded distributions of food web generality and H 2 0 for random subsets of plant species. However, these randomizations were not completely independent from the observed food web characteristics. The observed and random data were the same when all host plants were included in the analyses. This prevented any statistical inference based on the comparisons of observed and random data distributions. Finally, we used a phylogenetic signal-representation (PSR) curve to visualize the correlations between herbivore abundances and various levels of the host plant phylogeny. For this analysis we used the Tomakomai data, which represented the most diverse plot with enough individual host plant species and lineages for a meaningful analysis. The leaf chewer, miner, and galler abundances were standardized by the leaf area sampled. PSR curves were built upon phylogenetic eigenvector regression (PVR) in the PVR package in R (Diniz Filho et al. 2012), which extracted eigenvectors from a phylogenetic distance matrix to model interspecific variation in insect abundances along the host phylogeny. Sequential PVR models were fitted after successively increasing the number of eigenvectors and their R 2 was plotted against the accumulated eigenvalues.
Results
In total, we sampled 3701 m 2 of foliage from the three plots. The Tomakomai plot harboured the most diverse community of herbivores with 256 species of leaf-chewing larvae, miners and gallers, followed by Lanzhot (219 species) and Mikulcice (137 species, Table 1 ). Communities of leaf-chewing insect larvae were dominated by Lepidoptera and Hymenoptera at all sites, with some Coleoptera larvae present in Tomakomai. Miners included Lepidoptera, Coleoptera, Hymenoptera, and Diptera. The gall community was strongly dominated by galling mites (Eriophyidae), representing 96% of the galler abundance, followed by Diptera, Hymenoptera, and Hemiptera. Leaf-chewing insect larvae were the least specialized of the three focal guilds with an average species feeding on two to four hosts, resulting in food web generality ranging from 1Á44 to 3Á70 at individual sites (Table 2) . Still, 16% (Tomakomai), 31% (Lanzhot) and 38% (Mikulcice), respectively, of leaf-chewing species fed on a single host species even after excluding singletons and doubletons. The generality and vulnerability of leaf-chewing larvae decreased in the same order as plant diversity in the studied plots, from the highest values in Tomakomai to the lowest in Mikulcice ( Table 2 ). The food web in Mikulcice was dominated by a single monophagous species of Hymenoptera, which further contributed to low generality and vulnerability at this site (Fig. 1) .
Miners and gallers were much more specialized when compared to leaf-chewing larvae, with almost all miner and galler species being monophagous at all studied sites. The only exceptions were six mining and nine galling species that fed on closely related (mostly congeneric) host plants (Fig. 1) . Miner and galler generality thus ranged only from 1Á00 to 1Á08 and was independent of plant diversity ( Table 2 ). The number of miner and galler species per host plant was lower when compared to leaf-chewing larvae with vulnerability ranging from 1Á45 to 2Á66.
Analysis of the food webs revealed a non-linear decrease in generality when collating progressively older plant lineages. In larval leaf chewers from Tomakomai, there was a very small decrease in generality after collating the most closely related plants from young lineages that separated <5 myr ago (Fig. 2a) . Collating older plant lineages resulted in a major drop in generality for lineages 5-20 myr old, including the older speciation events of congeneric species and the separation of some younger families, such as Betulaceae (Fig. 2a) . The much simpler phylogenetic structure of the Lanzhot and Mikulcice communities did not allow for detailed analysis, but a major drop in generality was noted when collating plant lineages 20-80 myr old (Fig. 2b,c) , particularly in comparison with the randomized data. Miners and gallers were mostly monophagous, which resulted in food web generality being 1Á0 in the case of Tomakomai gallers and Mikulcice miners and gallers. Communities of Tomakomai miners and Lanzhot miners and gallers included some species feeding on more than one host plant species. In this case, there was a large decrease in generality after collating closely related plants from young lineages with this trend being more pronounced in gallers (Fig. 2d-f) .
Network specialization, H 2 0 , of the food webs associated with host plant clades (ranging from pairs of congeneric species, through confamilial species, to the whole community) showed rather large variability in most cases (Fig. 3 ). Some clades had low H 2 0 when compared to random data whereas other clades had H 2 0 values close to random or even above the mean of random data. This resulted in H 2 0 following a random distribution in food webs associated with plant clades. Where miners and gallers were monophagous (Tomakomai gallers and Mikulcice miners and gallers), H 2 0 was always 1Á0. The remaining miner and galler communities showed similar trends to larval leaf chewers but with generally much higher H 2 0 (Fig. 3d-f ).
PSR curves showed guild-specific differences in correlation between Tomakomai herbivore abundances and the depth of the corresponding eigenvectors. There was an almost linear increase in R 2 with decreasing depth of eigenvectors in the case of larval leaf chewer abundances. On the other hand, miner and galler abundances showed a low correlation with the lower and mid-levels of host plant phylogeny and a steep increase in the R 2 of the shallow eigenvectors, suggesting strong effects of species level phylogeny (Fig. 4) .
Discussion
In this study we examined the role of host plant phylogeny in supporting insect specialization and structuring plant-herbivore food webs in three temperate forest communities in Japan and Central Europe. We identified the levels of host plant phylogeny playing the major role in the structuring of insect food webs and showed that their relative importance depends on the age of divergence of the respective host plant taxa. Further, we suggest that these trends are guild specific, such that the importance of host plant phylogeny in maintaining herbivore communities differs among herbivore guilds with varying degrees of specialization. Insects tend to feed on closely related hosts ( Fig. 2 . Effects of collating plant lineages on the generality of larval leaf chewers in Tomakomai, Lanzhot, and Mikulcice (a-c), miners in Tomakomai and Lanzhot (d,e), and gallers in Lanzhot (f). Other miners and gallers were exclusively monophagous (generality = 1Á0, data not shown in the figure). Data were obtained in analyses successively collating insect data from plant lineages younger than 5, 20, 50, 80, 100, and 150 million years (black), or at random (grey). The curves were modelled using a loess smoother with a selected based on AIC in Fig. 2a . There were not enough data points in other cases for using loess smoother reliably. In these cases the means were connected by straight lines. Note different y-axis scales resulting from large variability in generality between insect guilds.
Guinea whereas the overlap decreased steeply towards zero with increasing phylogenetic distance between hosts (Novotny et al. 2002) . Here, we utilized a new approach of collating insect data associated with plant lineages younger than the specified age of divergence to identify the relative importance of different levels of host plant phylogeny for the generality of plant-herbivore food webs. Our results revealed a major drop in food web generality of leaf-chewing larvae when collating plant lineages with ages of divergence 5-20 myr in the case of the diverse Tomakomai community. This corresponded with the separation of some congeneric species (Acer and Magnolia spp.) and also genera belonging to Betulaceae. The composition of both the Lanzhot and Mikulcice plant communities was species-poor and there were very few congeneric and confamilial hosts present to test herbivore patterns associated with them. There was thus only a limited drop in generality when collating young plant lineages at these sites, with the major drop in generality being set to 20-80 mya. This large span prevents any higher resolution, but it interestingly overlaps with the time of divergence for more or less all large Lepidoptera families (Wahlberg, Wheat & Peña 2013) , which represented the vast majority of larval leaf chewers in this study. Although the observed food web links are probably of much younger origin, this suggests that such radiation events probably generated insect and plant taxa that now govern the structure of larval leaf chewer food webs.
Collating older plant lineages had only minor effects on larval leaf chewer food webs. The associated drop in generality was either very small (Mikulcice) or mirrored the trend in the random data (Tomakomai and Lanzhot). The radiation of these host plant groups happened well before the radiation of most leaf-chewing families and genera included in our study (Wahlberg, Wheat & Peña 2013) . Their associations are thus undoubtedly of much younger origin. Furthermore, several key functional leaf traits, such as specific leaf area or leaf nitrogen content, are highly convergent among such large clades of angiosperms and show low phylogenetic signal at this level of plant phylogeny (Cornwell et al. 2014) . This probably limits the impact of deep angiosperm phylogeny on extant herbivore communities and food webs since these leaf traits are generally strongly linked to herbivore food choice and specialization (e.g. Coley, Bateman & Kursar 2006) .
Although many larval leaf chewers fed on relatively closely related hosts, we found only a limited decrease in generality when collating the closest congeneric relatives. The decrease in generality in such cases was much smaller than in the random data, suggesting a relatively low number of insects being shared among the closest relatives. This probably reflects large differences in defensive traits among congeneric plants growing in sympatry. Such divergence in defences helps closely related hosts to escape herbivory by limiting the pool of shared herbivores (Becerra 2007; Kursar et al. 2009 ). This appears to be the case for poplars, relying on species-specific defences (Palo 1984) , and which were the only congeneric plants in the Mikulcice community. The effects of terminal host plant phylogeny may be thus frequently overridden by the effect of divergent defences leaving older diversification, on the intermediate levels of phylogeny, generally more important for insects. However, further analyses including larger numbers of closely related hosts and their traits would be needed to verify this conclusion.
Miners and gallers are more specialized than larval leaf chewers and their food webs are highly compartmentalized (Novotny et al. 2010; Cagnolo, Salvo & Valladares 2011; Butterill & Novotny 2015) . Although they can to some extent bypass toxic plant defences, other aspects, mainly metabolic factors, drive their food choice and their host shifts are generally rare even among closely related hosts (Stone et al. 2009 ). In our case, miners and gallers were mostly monophagous or feeding on pairs of closely related congeneric hosts. This was reflected by generality in these food webs, which was either consistently 1Á0 despite collating plant lineages or dropped immediately after collating congeneric hosts. Furthermore, our results revealed only a limited correlation between deep and mid-level host plant phylogeny and miner and galler abundances, suggesting large interspecific differences in their abundance within the plant families or genera examined. On the other hand, there was steep increase in the correlation between galler and miner abundances and terminal nodes of host phylogeny. This trend was especially pronounced when compared to larval leaf chewers, which showed rather high correlation between their abundance and mid-level host phylogeny. These results illustrate the importance of terminal host plant phylogeny for miners and gallers, which agrees with the previous findings showing that miner and galler radiations were often driven by colonization of species rich plant genera (Nyman et al. 2006; Stone et al. 2009) .
Despite the effect of host plant phylogeny on insect specialization, plant clades did not have lower network specialization (H 2 0 ) than randomly selected samples of host plants of the same size. Most insects have specialized diets to some extent and maintain the majority of their populations on a limited number of related hosts (Novotny et al. 2002 (Novotny et al. , 2004 Forister et al. 2015) . Host shifts are also more frequent among plants of the same clade, e.g. congeneric and confamilial host species (Janz & Nylin 1998; Winkler & Mitter 2008) previous studies that suggested substantial flexibility in host shifts among clades at lower than the family level (Winkler & Mitter 2008) . Furthermore, specialization on higher plant clades seems to be more frequent in larval leaf chewers feeding on herbs rather than in those feeding on trees (Janz & Nylin 1998; Winkler & Mitter 2008) , possibly due to convergent defensive strategies of many tree species, which is likely to further decrease the possible role of clade specialization in canopy communities (Kursar & Coley 2003) . Food web structure associated with individual clades of hosts thus seems to be highly dependent on clade identity and probably also on their age of divergence, as illustrated in our other analyses. There is no doubt that the high diversity of host plants coupled with high levels of specialization is one of the key factors maintaining hot spots of insect diversity, such as those in lowland tropical forests (Novotny et al. 2006; Dyer et al. 2007 ). Our results suggest that the specific role of plant phylogenetic diversity in maintaining plantherbivore food web structure, and in turn insect diversity, differs among herbivore guilds based on their level of specialization. Changes in phylogenetic diversity acting above the generic level are likely to mainly affect the specialization and diversity of less specialized guilds. On the other hand, high host diversity at the species level and the presence of certain host species drives the specialization of herbivores from specialized guilds, such as miners and gallers. This can be illustrated by plant communities with relatively low phylogenetic diversity, such as willow dominated wetlands. The predominance of closely related hosts seems to result, to large extent, in a shared pool of leaf-chewing herbivores feeding on many hosts in the community (Volf et al. 2015a) . Leaf chewer specialization in communities of closely related hosts then seems to be better explained by functional traits rather than host phylogeny (Becerra 1997; Kursar et al. 2009; Volf et al. 2015b) . On the other hand, such communities may support a high diversity of insects in specialized guilds, such as gallers (Nyman et al. 2006) , which respond mainly to the terminal nodes of the host phylogeny and are seldom shared even between closely related hosts (Novotny et al. 2010; Forister et al. 2015) .
In conclusion, our results demonstrate the high importance of host plant phylogeny in modulating plant-herbivore food web structure, revealing non-random dependence of insect specialization on host plant phylogenetic composition. We show that not all levels of the host plant phylogeny are equal in structuring plant-herbivore food webs. Furthermore, the specific role of host plant diversity and phylogenetic composition differs depending on the level of specialization of the respective insect guild.
Previous studies showed a predominant role of plant traits in structuring insect communities if they were uncorrelated with the host plant phylogeny (Becerra 1997; Wahlberg 2001) . It would be very interesting to unravel the specific role of the interaction between host plant traits and various levels of host plant phylogeny in structuring plant-herbivore quantitative food webs, as our results suggest that this interaction may differ depending on the levels of host phylogeny included in the analysis.
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